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SPACECRAFT CONTROL SYSTEMS 

Howard H .  Haglund 

J e t  Propuls ion Lab,oratory 

I n  t roduc t i o n  

The t o p i c s  covered by t h e  t echn ica l  program of t h i s  Third Congress 

of the I n t e r n a t i o n a l  Council  of t he  Aeronaut ical  Sciences a t t e s t  t o  the  

breadth of the  aerodynamic and mechanical d i s c i p l i n e s  now involved i n  

today ' s  a e r o n a u t i c a l  and aerospace programs. 

Poss ib ly  some of the e a r l i e s t  p ionee r s  i n  t h i s  i ndus t ry  foresaw 

the  expansion of the  b a s i c  aerodynamic and mechanical d i s c i p l i n e s  i n t o  

such complex areas as supersonics ,  hypersonics ,  high temperature material  

f a t i g u e  and boundary l a y e r  c o n t r o l .  Some even might have been aware 

t h a t  a e r o  medicine would be added as an  important d i s c i p l i n e  f o r  The 

s tudy  of the e f f e c t s  of t h i s  new environment on man. 

However, only the  w i l d e s t  of  dreamers,  I b e l i e v e ,  could na\,e con- 

ce ived  the impact of  the young e l e c t r o n i c s  and electromechanical  i n d u s t r y  

on o u r  e f f o r t s  today. I n  t h e  l a s t  h a l f  century of f l i g h t - v e h i c l e  develop- 
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ment, on-board e l e c t r i c a l  equipment has  expanded from simple i g n i t i o n  

systems t o  the  most complex e l e c t r o n i c s  systems f o r  c o n t r o l l i n g  and 

managing f u e l  f low, f l i g h t  a t t i t u d e ,  communications, performance a n a l y s i s ,  

and numerous o t h e r  t a s k s  impossible f o r  man t o  accomplish e i t h e r  because 

of hazard or man's l imi t ed  speed of response.  

uncommon on a l a r g e  t r a n s p o r t  a i r c r a f t ,  missile,  o r  s p a c e c r a f t  t o  f i n d  

the e l e c t r o n i c  par ts  count running i n t o  the hundreds of thousands. 

Today it  i s  n o t  a t  a l l  

I n  a d d i t i o n  e l e c t r o n i c  and electromechanical  s imula t ion  techniques 

have been u t i l i z e d  a s  s tandard design and a n a l y s i s  t o o l s  with inc reased  

acceptance.  Because e l e c t r o n i c s  and electromechanics portend t o  have 

continued growth i n  the  a e r o n a u t i c a l  s c i e n c e s  i t  seems t o  m e  t imely,  as 

p a r t  of t h e  gene ra l  l e c t u r e  s e r i e s  of t h i s  conference,  t o  acqua in t  you 

wi th  some recen t  developments i n  these  a r e a s .  The embodiment of t hese  

d i s c i p l i n e s  i n  s p a c e c r a f t  c o n t r o l  systems provides  a good medium f o r  

t h i s  examination. 

U. S. Space Probe E f f o r t s  

A s  you are aware, P res iden t  Kennedy has  p u b l i c l y  announced the 

i n t e n t i o n  of the United S t a t e s  t o  s a f e l y  land a man on the Moon and r e t u r n  

him, w i t h i n  t h i s  decade. 

i n  space" program have so f a r  included s u b - o r b i t a l  f l i g h t s  by Alan Shepard 

and V i r g i l  Grissom and o r b i t a l  f l i g h t s  by John Glenn and S c o t t  Carpenter .  

Scheduled t o  follow are the  P r o j e c t  Gemini two-man o r b i t a l  f l i g h t s  

and f i n a l l y  the three-man-crew Apollo luna r  o r b i t  and landing mis s ions .  

The d e c i s i o n  on the p a r t  of t he  United S t a t e s  s c i e n t i f i c  and 

eng inee r ing  community t o  explore  i n  depth t h e  luna r  and i n t e r p l a n e t a r y  

environments b e f o r e  s u b j e c t i n g  man t o  these  extreme c o n d i t i o n s ,  however, 

h a s  engendered the  Nat ional  Aeronautics and Space Adminis t ra t ion program 

Prel iminary s t a g e s  of the United S t a t e s  "man 

of unmanned maneuverable space probes. 

-2  - 

I 



The success  of t hese  probes i s  h igh ly  dependent on the ex tens ive  

development of r e l i a b l e  automatic and remotely c o n t r o l l e d  f l i g h t  s y s t e m s ,  

communications systems, and the secondary e lec t r ica l  power gene ra t ion  

schemes r equ i r ed  f o r  t h e i r  imp lementation . 
These Aeronautic and Space Adminis t ra t ion p r o j e c t s  i n  the unmanned 

ca t egory ,  d i r e c t e d  toward the Moon, a r e  the Ranger (which i s  a l r eady  

underway) and the  Surveyor (which w i l l  commence i n  1964). Also adding 

t o  the t e c h n i c a l  development w i l l  be the  unmanned p l a n e t a r y  program which 

w i l l  f l y  from Ear th  t o  Venus and from Earth t o  Mars as the p l a n e t a r y  

o p p o r t u n i t i e s  p r e s e n t  themselves i n  the nex t  few y e a r s .  Favorable Venus 

con junc t ions  occur  only every 19% months and favorable  Mars conjunct ions 

occur only every 25 months. 

These unmanned p r o j e c t s  a r e  being c a r r i e d  o u t  by the Jet Propuls ion 

Laboratory of t he  C a l i f o r n i a  I n s t i t u t e  of Technology, a space r e sea rch  

c e n t e r  under c o n t r a c t  t o  the  Nat ional  Aeronautic and Space Adminis t ra t ion.  

I n  a d d i t i o n ,  an important  pa r t  of t he  luna r  and p l a n e t a r y  programs 

i s  the e s t ab l i shmen t  of a p r e c i s i o n  Earth based t r a c k i n g  and communications 

system capable of p rov id ing  command, t e l eme t ry ,  and p o s i t i o n  t r a c k i n g  

of space v e h i c l e s .  The Deep Space Ins t rumen ta t ion  F a c i l i t i e s  (DSIF) has 

been e s t a b l i s h e d  t o  s a t i s f y  t h i s  requirement i n  luna r  and p l a n e t a r y  

programs f o r  which the Je t  Propuls ion Laboratory has  been assigned e i t h e r  

d i r e c t i o n  o r  suppor t ing  r e s p o n s i b i l i t y  by the Na t iona l  Aeronautics and 

Space Adminis t ra t ion.  The e a r l i e s t  DSIF s t a t i o n ,  a t  Goldstone, C a l i f o r n i a ,  

i s  shown i n  F i g .  1. The DSIF i s  p r i m a r i l y  intended f o r  s p a c e c r a f t  t r a c k i n g  

and communication a t  c i s l u n a r  d i s t a n c e s  and beyond. I t s  deep space func t ion  

p rec ludes  i t s  u s e  as an Ea r th  s a t e l l i t e  t r a c k i n g  network. The DSLF i s  

comprised of t h r e e  deep space s t a t i o n s  and a mobile s t a t i o n .  The l a t t e r  
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i s  p r e s e n t l y  used as an a c q u i s i t i o n  a i d  i n  the  shor t - range ,  high-angular-  

, v e l o c i t y  phase around spacec ra f t  i n j e c t i o n ,  and i t s  u t i l i z a t i o n  i s  

expected t o  diminish a f t e r  1963. 

The deep space s t a t i o n s  located as shown i n  F ig .  2 i n  Goldstone,  

C a l i f o r n i a ,  Woomera, A u s t r a l i a  and Johannesburg, South Af r i ca  are p r e s e n t l y  

equipped wi th  85 f t  diameter  r e f l e c t o r s  and can t r a c k  a t  angular  rates 

t o  1°/sec. wi th  a 1' beam width.  The mobile s t a t i o n  (Fig.  3) i s  equipped 

wi th  a 10' diameter  r e f l e c t o r  and can t r a c k  a t  angular  rates of  10 to  20° 

per  second depending on t racking  accuracy. The mobile s t a t i o n  as an 

a c q u i s i t i o n  a i d  t r a c k s  and communicates wi th  space v e h i c l e s  from i n j e c t i o n  

t o  about t e n  thousand miles a l t i t u d e .  

The design philosophy of the DSIF i s  t o  provide a p r e c i s i o n  r a d i o  

t r ack ing  system which measures two ang le s ,  r a d i a l  v e l o c i t y ,  and range,  

and t o  u t i l i z e  t h i s  system in  two-way communication e f f i c i e n t l y  and 

r e l i a b l y .  The Jet Propuls ion  Laboratory c a r r i e s  o u t  t h e  r e sea rch ,  

development, and f a b r i c a t i o n  of the deep space s t a t i o n s  and i s  r e spons ib l e  

f o r  the t echn ica l  coord ina t ion  and l i a i s o n  necessary t o  e s t a b l i s h  and 

ope ra t e  t h e  DSIF throughout t he  world.  The overseas  deep space s t a t i o n s ,  

a t  Woomera, A u s t r a l i a  (Fig.  4) and Johannesburg, South Afr ica  (Fig.  5) 

are operated by personnel  provided by coopera t ing  agencies  i n  the  

r e s p e c t i v e  c o u n t r i e s .  Veloc i ty  measurement accuracy of 0 . 2  meters  p e r  

second us ing  a two-way doppler  system i s  a t t a i n a b l e .  Data from t h e  

complete DSIF network i s  s e n t  t o  a computer c e n t e r  a t  the  J e t  Propuls ion  

Laboratory where the  spacec ra f t  t r a j e c t o r y  can be computed and t h e  

r equ i r ed  d e c i s i o n s  made f o r  i n - f l i g h t  c o r r e c t i o n s .  P resen t ly  the DSIF 

i s  ope ra t ing  i n  the  L Band megacycle spec t rum but  fu tu re  p l ans  c a l l  f o r  

a shift t o  S Band. 
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Ranger P r o j e c t  

The Ranger P r o j e c t  r ep resen t s  a t tempts  by the United S t a t e s  t o  take 

close-up p i c t u r e s  of t he  Moon and t o  make measurements on t h e  Lunar 

s u r f a c e .  

launched a t  i n t e r v a l s  during t h i s  y e a r ,  1963 and 1964. To provide i n f o r -  

mation on the  composition of t h e  Lunar su r face  and l e a r n  more about i ts  

h i s t o r y  and s t r u c t u r e ,  an instrument capsule  model and a h igh - re so lu t ion -  

TV model w i l l  provide design c r i t e r i a  f o r  f u t u r e  manned v e h i c l e s ,  survey 

s u i t a b l e  landing si tes,  and provide Lunar s u r f a c e  information wi th  

p a r t i c u l a r  regard t o  landing gear  des ign .  

Two types of Ranger payloads are being u t i l i z e d  and w i l l  be 

The proof t e s t  model of a capsule Ranger i s  shown under t es t  i n  

F i g .  6. The Ranger i s  a 750-lb gold and s i l v e r  p l a t e d  machine which 

makes a 66'-hour f l i g h t  t o  the Moon and i s  c a l l e d  on t o  perform f o r  the 

f i r s t  t i m e  a most complicated s e r i e s  of even t s .  

It  i s  asked to:  

1) Leave the E a r t h ,  achieve a parking o r b i t  and reach escape 

v e l o c i t y  of approximately 25,000 m i l e s  an hour. 

2) Perform a t h r e e  a x i s  maneuver i n  space t o  lock on t o  the Sun 

and E a r t h .  The on-board power system as desc r ibed  l a t e r  depends 

on s u n l i g h t  f o r  i t s  energy and except  f o r  s h o r t  pe r iods  on 

b a t t e r y  power the c r a f t  must c o n t i n u a l l y  look a t  the Sun t o  

o b t a i n  i ts  l i f e  g iv ing  power. I t  m u s t  p o i n t  i t s  high ga in  

d i r e c t i o n a l  antenna continuously a t  t he  E a r t h  i n  o rde r  t o  ob ta in  

s u i t a b l e  band width for  t r a n s m i t t i n g  i t s  d a t a .  

Accept c o r r e c t i o n  commands from the E a r t h ,  change i t s  o r i e n t a t i d n  

i n  f l i g h t  and f i r e  a midcourse motor t o  p u t  i t s e l f  on a c o l l i s i o n  

course w i t h  the Moon. This  midcourse maneuver i s  necessary 

3) 
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t o  overcome the i n j e c t i o n  e r r o r s  which might accumulate i n  

the  complicated th ree - s t age  launch v e h i c l e  s y s t e m  required 

t o  l i f t  t he  Ranger payload. 

4) Re-establ ish i t s  lock on the Sun and the Ea r th .  

5) Perform a terminal  maneuver when i t  g e t s  w i t h i n  5,000 miles 

of the Moon. 

Take t e l e v i s i o n  p i c t u r e s  of the Lunar su r face  as i t  approaches 

the Moon. 

6 )  

The foregoing d e s c r i p t i o n  a p p l i e s  t o  both payload missions.  

I n  the h i g h - r e s o l u t i o n - t e l e v i s i o n  mission (F ig .  7 )  p i c t u r e s  of the 

Lunar surface can be relayed back t o  the Earth r i g h t  up t o  the moment 

the s p a c e c r a f t  impacts the Moon. 

I n  the  capsu le  mission the  s p a c e c r a f t  must perform the  following 

a d d i t i o n a l  operat ions:  

7 )  Make s t u d i e s  of the composition of the Lunar su r face  and i t s  

r a d a r  r e f l e c t i o n  c h a r a c t e r i s t i c s .  

8) Separate  a r e t r o - r o c k e t  and capsule system from the s p a c e c r a f t  

when i t  i s  10,000 f e e t  above the Lunar s u r f a c e .  

9)  F i r e  the r e t r o - r o c k e t  t o  slow the capsule  system from 6,000 

m i l e s  an hour t o  ze ro  v e l o c i t y  1100 f e e t  above the su r face  of 

the Moon. 

10) Detach an instrumentated capsule  con ta in ing  a seismometer from 

the r e t r o - r o c k e t  so t h a t  i t  rough lands a f t e r  a f r e e  f a l l  from 

1100 f e e t ,  su rv ives  the l and ing ,  p o s i t i o n s  i t s e l f  and then f o r  

the next  four  weeks  t e l eme te r s  back t o  E a r t h  information on ' 
Moon quakes and meteoric impact. A l l  of t h i s  w i l l  be accomplished 

by a s p a c e c r a f t  c o n t r o l  sys t em rece iv ing  i t s  i n t e l l i g e n c e  through 

1 

J 
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t he  DSIF l i n k  and by on-board measurements 240,000 miles  from 

t h e  Ea r th .  

Ranger Spacec ra f t  

The b a s i c  Ranger (Fig.  8) is 5 f t  i n  diameter  a t  the  base of the  

hexagon, and i n  i t s  launch p o s i t i o n ,  w i th  t h e  s o l a r  pane l s  fo lded ,  i t  i s  

about  8 f t  i n  he igh t .  

extended and the  h igh  g a i n  d i r e c t i o n a l  antenna deployed i t  has  a span 

of  17  f t  and i t  i s  s l i g h t l y  over 10 f t  i n  he igh t .  The instrument  capsule  

weighs about 60 l b  and the  impact l imi te r  weighs about  40 l b .  The Lunar 

capsu le  rests a top  a retromotor  which i n  t u r n  s i t s  on top of the  space- 

c r a f t  hexagon. The re t romotor ,  wi th  a t h r u s t  of approximately 5,000 l b  

weighs 200 l b  i nc lud ing  t h e  small s p i n  motor t h a t  rotates  the  assembly 

f o r  s t a b i l i t h  j u s t  before  the  retromotor is  f i r e d .  

I n  the  cruise p o s i t i o n  wi th  i t s  solar pane l s  

The on-board e l e c t r i c a l  sys tem (Fig .  9) c o n s i s t s  of the two s o l a r  

These pane l s  covered wi th  almost  9,000 i n d i v i d u a l  pho tovo l t a i c  c e l l s .  

c e l l s  connected i n  se r ies  p a r a l l e l  arrangement provide the e l e c t r i c a l  

requirements  f o r  t h e  on-board experiments ,  the communication system, and 

the  a t t i t u d e  c o n t r o l  system. The power is boosted from i t s  low vo l t age  

l e v e l  and through a series of i n v e r t e r s  and conve r t e r s  s u p p l i e s  t he  

r equ i r ed  AC and DC system vo l t ages .  A t y p i c a l  conver te r  i n  i t s  f l i g h t  

package i s  shown i n  F ig .  10. 

The Ranger has  t h r e e  antennas i n  i t s  f i r s t  con f igu ra t ion  - two i n  

i t s  s p a c e c r a f t  bus and one on top of t he  instrumented sphere t h a t  l ands  

on the Moon. The omnidi rec t iona l  antenna pos i t i oned  a t  the foreward end 

of the  s p a c e c r a f t  p rovides  communication u n t i l  t he  4 f t -d iameter  high-  

g a i n  d i r e c t i o n a l  antenna i s  pos i t ioned  by the  a t t i t u d e  c o n t r o l  system. 

The midcourse motor which as previous ly  mentioned c o r r e c t s  f o r  
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i n j e c t i o n  inaccurac i e s  i s  a l i q u i d  monopropellant engine t h a t  weighs, 

with the f u e l  and the helium p r e s s u r i z i n g  s y s t e m ,  about  35 l b .  When 

the midcourse motor r e c e i v e s  the command t o  f i r e ,  helium under 3,000 l b / i n .  

p r e s s u r e  i n j e c t s  the hydrazine f u e l  i n t o  the combustion chamber. Th i s  

monopropellant needs a s t a r t i n g  f l u i d  t o  i n i t i a t e  combustion and a c a t a l y s t  

t o  maintain combustion. The s t a r t i n g  f l u i d  ( n i t r o g e n  t e t r o x i d e )  is  

admitted i n t o  the combustion chamber by means of a p r e s s u r i z e d  c a r t r i d g e .  

Burning i s  maintained i n  the combustion chamber by a c a t a l y s t  of aluminum 

oxide p e l l e t s .  The midcourse motor i s  so p r e c i s e  t h a t  i t  can burn i n  

b u r s t s  as small  as 50 mi l l i s econds  and can inc rease  v e l o c i t y  by a s  l i t t l e  

as 1/10 of a foo t  pe r  second o r  a s  much as 144 f e e t  p e r  second. The 

d u r a t i o n  of i t s  burn i s  determined by d a t a  received from the DSIF and 

i s  c o n t r o l l e d  by a s o l i d  s t a t e  d i g i t a l  computer c a l l e d  the C e n t r a l  Computer 

and Sequencer. 

2 

T h i s  CC&S i s  a system which al lows commands t o  be s t o r e d  f o r  l a t e r  

subsystem ope ra t ions  on board the s p a c e c r a f t ,  and i t  al lows s p e c i f i c  

ground commands t o  be s to red  i n  the  CC&S for  l a t e r  rou t ing  t o  perform 

spec i f  i c  f u n c t i o n s .  

F1 igh t Sequence 

The Ranger uses  the parking o r b i t  technique which i s  a means by 

which the geometry imposed on Moon impact shoots  by the l o c a t i o n  o f  

t h e  A t l a n t i c  Miss i l e  Range a t  Cape Canaveral ,  F l o r i d a  i s  co r rec t ed  by 

u s ing  the second s t a g e  rocket  for  a mobile launching platform i n  space.  

The Atlas boos te r  of the Atlas-Agena veh ic l e  c a r r i e s  the Agena and 

t h e  Ranger t o  an a l t i t u d e  of 115 m i l e s  above the Ea r th .  A t  

t h i s  p o i n t  the s p a c e c r a f t  i s  s t i l l  considerably below o r b i t a l  speed. 

During launch phase the Ranger i s  p r o t e c t e d  a g a i n s t  aerodynamic hea t ing  
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by a shroud. Af t e r  A t l a s  cu to f f  the shroud i s  j e t t i s o n e d  by a s p r i n g  

loaded mechanism and i t  moves on ahead of the v e h i c l e .  A t  t h i s  t i m e  the 

second s t a g e  Agena and spacec ra f t  combination separates from t h e  A t l a s  

boos t e r .  The agena i s  then commanded t o  p i t c h  down t o  be almost l e v e l  

w i th  the l o c a l  horizon.  In t h i s  h o r i z o n t a l  a t t i t u d e  the Agena f i r e s  

t he  f i r s t  t i m e  and burns t o  reach an o r b i t a l  speed of 18,000 m i l e s  an 

hour .  Af t e r  t h i s  burning t i m e  t h e  Agena s h u t s  down and c o a s t s  i n  a 

parking o r b i t  f o r  more than 13  minutes u n t i l  i t  reaches the optimum 

p o i n t  i n  time and space t o  f i r e  f o r  the second t i m e  t o  a t t a i n  i t s  escape 

e l l i p s e  t o  the Moon. 

Afte r  the second Agena burn the Agena-Ranger combination ( s t i l l  

a s  one u n i t )  i s  i n j e c t e d  i n  an escape v e l o c i t y  of approximately 25,000 

m i l e s  an hour.  Th i s  t akes  place approximately 25 minutes a f t e r  launch. 

L i t t l e  more than 2 m i n u t e s  a f t e r  second burn c u t o f f ,  o r  i n j e c t i o n ,  the 

Ranger i s  sepa ra t ed  from the Agena, again by s p r i n g  loaded mechanisms. 

T o  prevent  the u n s t e r i l i z e d  Agena from impacting the Moon - and a l s o  i n  

case  the Agena fol lows the Ranger too c l o s e l y  so t h a t  t h e  s p a c e c r a f t  

o p t i c a l  s enso r s  would m i s t a k e  the r e f l e c t e d  Agena s u n l i g h t  f o r  t he  Sun 

o r  Earth and thus  confuse t h e  a c q u i s i t i o n  sys t em - the Agena i s  placed 

i n  a 180' yaw, and, by f i r i n g  a small s o l i d  r e t r o - r o c k e t ,  i s  moved i n t o  

a low t r a j e c t o r y .  

The Ranger i s  now on a nominal t r a j e c t o r y  (F ig .  11) which should take i t  

f a i r l y  c l o s e  t o  the Moon, and i t  i s  now p o s s i b l e  t o  desc r ibe  the sequence 

of even t s  t h a t  t he  c o n t r o l  system m u s t  now implement on i t s  66-hour f l i g h t  

The f i r s t  command issued i n t e r n a l l y  by the c e n t r a l  computer to  the Moon. 

and sequencer 

p o s i t i o n .  Th 

i s  t o  u n f u r l  t h e  s o l a r  pane l s  t o  assume t h e i r  c r u i s e  

s i s  accomplished by exp los ive  p i n  p u l l e r s  and a s p r  
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loaded mechanism. The same command d r i v e s  the  high g a i n  antenna d i s h  ou t  

t o  a p r e s e t  p o s i t i o n .  A t  approximately a h a l f  hour a f t e r  launch the CC&S 

e n e r g i z e s  the a t t i t u d e  c o n t r o l  system. (Fig.  12) .  

The Ranger a t t i t u d e  c o n t r o l  system performs the  fol lowing funct ions:  

1) 

2) I t  o r i e n t s  t he  p i t c h  and yaw axes of the s p a c e c r a f t  toward the 

I t  removes the  i n i t i a l  r a t e s  induced by s e p a r a t i o n  from the Agena. 

Sun for temperature c o n t r o l  and f o r  s o l a r  power. 

3) Controls  the s p a c e c r a f t  i n  r o l l  t o  o r i e n t  t he  high g a i n  d i r e c t i o n a l  

antenna toward the  Ea r th .  

4) It  servos the antenna toward the Earth i n  one degree of freedom 

r e l a t i v e  t o  the s p a c e c r a f t .  

5 )  I t  r e o r i e n t s  the s p a c e c r a f t  t o  any ang le  r e l a t i v e  t o  the E a r t h  

‘and Sun by ground command. 

6 )  Provides  t h r e e  axes c o n t r o l  of the t h r u s t  vec to r  d i r e c t i o n  

during midcourse and terminal  maneuvers. 

7 )  Repeats t he  Earth-Sun a c q u i s i t i o n  a f t e r  t h e  midcourse maneuver. 

The a t t i t u d e  c o n t r o l  system c o n s i s t s  of s i x  sun sensors:  four 

p r i m a r y  s e n s o r s  on fou r  of the s i x  hexagon l e g s ,  and two secondary senso r s  

mounted on the backs of the s o l a r  panels .  These a r e  l i g h t  s e n s i t i v e  

cadmium s u l f i d e  dev ices  which a r e  summed and d i f f e r e n c e d  t o  o b t a i n  p i t c h  

and yaw n u l l  s i g n a l s .  

Three s t rapped down i n t e g r a t e d  r a t e  gyros o p e r a t i n g  i n  a reedback 

mode measure the s p a c e c r a f t  r o l l ,  p i t c h  and yaw r a t e s  and w i t h  the i n t e -  

g r a t e d  p o s i t i o n  e r r o r s  provide adequate damping s i g n a l s  f o r  s t a b l e  operat ion 

An Earth sensor  c o n s i s t s  of t h ree  photo m u l t i p l i e r s  s u i t a b l y  masked 

t o  provide p o i n t i n g  sense t o  the antenna and a l s o  t o  provide r o l l  s ens ing .  

Torquing of the s p a c e c r a f t  i n  response t o  the sensed s i g n a l s  i s  

provided by t en  co ld  gas expuls ion j e t s .  
-10- 



In orde r  t o  conserve gas the a t t i t u d e  c o n t r o l  system p e r m i t s  a 

I + p o i n t i n g  e r r o r  toward t h e  Sun of - 0.5 degree.  The mixing network i n  

the  a t t i t u d e  c o n t r o l  system i s  c a l i b r a t e d  t o  keep t h e  Ranger slowly 

swinging through t h i s  one degree of a r c  and pointed towards the  Sun. 

The l i m i t  c y c l e  i s  approximately one hour. It  i s  c a l c u l a t e d  t h a t  the 

gas  j e t s  w i l l  f i r e  only 1/10 of a second o u t  of each hour.  Af t e r  Sun 

a c q u i s i t i o n  i s  complete the secondary sun senso r s  are disconnected 

t o  avoid having r e f l e c t e d  Earth l i g h t  confuse them. The danger of 

t h e  Ea r th  sensor  locking on t o  the Moon r a t h e r  than the Ea r th  i s  

obviated because the telemetry w i l l  recognize t h i s  and an ove r r ide  

command can be given t o  look f o r  the Ea r th  aga in .  

During the midcourse maneuver t h e  c e n t r a l  computer and sequencer 

switches from Ear th  and Sun sensors  t o  an i n e r t i a l  lock cond i t ion  on 

t h e  gyros.  The required midcourse sequence which has been obtained 

from t r a j e c t o r y  a n a l y s i s  i s  commanded by the c e n t r a l  computer and 

sequencer upon r e c e i p t  of t h e  ground information.  

The s p a c e c r a f t  is  o r i e n t e d  t o  the d e s i r e d  angular  p o s i t i o n  as 

shown i n  F i g .  13,  and a midcourse v e l o c i t y  c o r r e c t i o n  imparted by 

the  rocke t  motor. The rocket  motor i s  shu t  o f f  by means of an i n t e -  

g r a t i n g  accelerometer  and t h e  CC&S. While the gas j e t s  on all t h r e e  

axes  are probably on continuously during the motor burning, t he re  

i s  no harmful e f f e c t  because j e t  vanes d e f l e c t i n g  the rocke t  exhaust 

are used t o  s t a b i l i z e  t h e  spacec ra f t  du r ing  t h i s  pe r iod .  

To provide h i g h - b i t - r a t e  communication w i t h  t he  Earth aga in  and 

o b t a i n  the power from t h e  Sun the s p a c e c r a f t  automical ly  r eacqu i re s  

t h e  Sun and Earth a f t e r  t h i s  maneuver and cont inues on i t s  f l i g h t  

p a t h  u n t i l  the f i n a l  terminal  maneuver ( F i g .  14) i s  achieved. The 
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6,000 miles an hour v e l o c i t y  of t he  s p a c e c r a f t  i s  cance l l ed  o u t  by t h e  

t h r u s t  of the  capsule  retro-motor and the  capsule  f r e e  f a l l s  the  last  

thousand f e e t  t o  t h e  Lunar sur face .  

0 ther  Sys t e m s  

I have l imi t ed  the  d e t a i l e d  d i s c u s s i o n  t o  the  Ranger s p a c e c r a f t  

because we have had some f l i g h t  exper ience  wi th  t h i s  p r o j e c t ;  a l though 

none of the  e a r l y  f l i g h t s  has  been f u l l y  s u c c e s s f u l ,  most mission elements  

have been v a l i d a t e d  i n  f l i g h t .  

S imi l a r  p r i n c i p l e s  are appl ied  t o  the  Surveyor,  (Fig.  15 ) ,  which i s  

our  next  s t e p  i n  the  Lunar category,  and w i l l  begin f l y i n g  i n  1964. The 

Surveyor i s  intended t o  sof t - land  t h e  whole spacec ra f t  (at about t h e  

speed of an Earth parachute  drop) on the  su r face  of the  Moon, and 'conduct  

s e v e r a l  experiments t h e r e .  It uses a l a r g e  so l id -p rope l l an t  re t ro-motor  

i n  conjunct ion  wi th  a system of th ree  l i qu id -p rope l l an t  v e r n i e r  eng ines ,  

which a l s o  w i l l  accomplish the midcourse maneuver. A t t i t ude  c o n t r o l  i s  

maintained by the  use of cold-gas j e t s  s i t u a t e d  a t  the ends of the  

landing l e g s ,  which are extended s h o r t l y  a f t e r  i n j e c t i o n .  The a t t i t u d e  

r e fe rences  are the  Sun and the  Star Canopus. F i n a l l y ,  because the  

s c i e n t i f i c  experiments  do no t  become a c t i v e  u n t i l  Lunar encounter ,  the  

high-gain communications antenna i s  n o t  brought i n t o  p l a y  u n t i l  the  

landing maneuver. 

Also,  the same gene ra l  a c t i v i t i e s  take p l ace  with the p l ane ta ry  

probes ,  except  t h a t  the  range and time s c a l e ,  and hence the  r i s k ,  a r e  

expanded g r e a t l y .  The p lane tary  program opened wi th  an a t tempt  t o  f i r e  

a probe t o  Venus i n  J u l y ,  (Unfortunately a complete f a i l u r e )  and the  

companion a t tempt  i n  August. More advanced p r o j e c t s  of p l ane ta ry  exp lo ra t ion  

are i n  development and planning s t a g e s ,  inc luding  - u l t i m a t e l y  - l andings .  
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The e a r l i e s t  planetary probe, Mariner, i s  shown i n  F ig .  16.  

Now a s  a progress report to show j u s t  what has been accomplished 

i n  t h i s  unmanned program i n  providing data for our future astronauts ,  I 

would l i k e  t o  show a recent f i lm on the Je t  Propulsion Laboratory's 

a c t i v i t i e s . .  . . 
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